The predicted ongoing increase of atmospheric carbon dioxide levels is considered to be one of the main threats to biodiversity due -to potential changes in biotic interactions. We tested whether effects of intra-and interspecific planting density of the calcareous grassland perennials Bromus erectus and Carex f1acca change in response to elevated [C0 2 ] (600 ppm) by using factorial combinations of seven densities (0, 1, 2, 4, 8, 16, 24 tillers per 8 x 8 cm 2 cell) of both species in plots with and without CO 2 enrichment.
Introduction
During the second half of the 20th century, the atmospheric carbon dioxide level ([C0 2 )) has steadily risen (Keeling, 1993) , and is predicted to further rise from its ambient concentration of around 375 ppm to a value between 540 and 970 ppm by the end of the 21st century (IPCC, 2001) . Because CO 2 is one of the main resources for plant growth, the predicted increase in atmospheric [C0 2 l is likely to affect interactions between species. Therefore, elevated [C0 2 ] is considered to be one of the main components of global change that may threa ten biodiversity (Peters & Lovejoy, 1992) . when plants are grown in competition, their carbon gain under elevated [C0 2 ) is less than when they are grown in isolation (Navas, 1998; Poorter & Navas, 2003) . This implies that it is not possible to use the responses to elevated [C0 2 ) of isolated plants for predicting which species will increase under elevated [C0 2 ) and which ones will decline (Diaz, 1995; Korner, 1995; Warwick et ai., 1998; Navas et aI., 1999) .
In the last few decades, several studies have confirmed that both intra-(e.g. Bazzaz et ai., 1992; Firbank et aI., 1995; Wayne et ai., 1999) and interspecific (e.g.
Bazzaz & Garbutt, 1988; Dukes, 2002; Hely & Roxburgh, 2005) interactions are likely to change under elevated [C0 2 ). Most of these studies tested for effects of elevated [C0 2 ) on intra-and interspecific competition separately, used only few levels of total density and often only equal frequencies of species in mixtures (Navas, 1998, but see Ramseier et ai., 2005 for an exception). Because responses to intra-and interspecific competition may be nonlinear and interact, results of such studies are difficult to extrapolate to the different densities and frequencies of species found in nature. Therefore, experiments are required that test plant responses under a wide range of densities and frequencies of the species (Law & Watkinson, 1987; Inouye, 2001) .
Most studies quantified the effect of elevated [C0 2 ) and competition on plants in terms of biomass production (e.g. Hunt et ai., 1991; Poorter & Navas, 2003) .
Changes in biomass production are important shortterm responses to changing [C0 2 ) but the ultimate ecological and evolutionary consequences of increasing [C0 2 ) will be mediated by differences in reproduction (Strain & Bazzaz, 1983) . Although effects of intra-and interspecific competition on reproductive allocation have been frequently studied (van Kleunen et aI., 2001 (van Kleunen et aI., , 2002 and references therein), only few studies tested for effects of elevated [C0 2 ) on reproductive allocation (Garbutt & Bazzaz, 1984;  Hikosaka et aI., 2005) .
We tested for changes in intra-and interspecific competition in response to [C0 2 ) in the two calcareous grassland perennials Bromus erectus and Carex flacca. Calcareous grassland is one of the most species-rich vegetation types in Europe (Zoller, 1954;  Willems, 1992;  Fischer & Stocklin, 1997) , and in Central Europe it is mainly dominated by the clonal grass B. erectus whereas the clonal sedge C. flacca is subdominant in these habitats (Stocklin et ai., 1998) . Previous studies have shown that in these communities, C. flacca becomes more dominant under elevated [C0 2 ) (Leadley & Korner, 1996; Diaz et ai., 1998; Stocklin et aI., 1998) while the dominance of B. erectus is not affected (Lead ley & Korner, 1996; Leadley & Sti:icklin, 1996) or decreases (Stocklin et aI., 1998) . This suggests, that under elevated [C0 2 ), competitive interactions between both species may change in favor of C. flacca.
To address whether whole community productivity and competition between B. erect us and C. flacca change under elevated [C0 2 ) and with planting density, we asked the following specific questions: (1) Does the combined aboveground biomass of B. erectus and C. flacca increase under elevated [C0 2 )? (2) Do aboveground biomass and vegetative and sexual reproduction increase more strongly in C. flacca than in B. erectus under elevated [C0 2 )? (3) How do intra-and interspecific planting densities affect the response of each species to elevated [C0 2 )?
Methods

Study species
B. erectus (Poaceae) is a perennial grass which typically occurs in semi-arid grasslands on nutrient-poor calcareous soils (Ellenberg, 1986) where it is often the dominant species. New tillers are produced from meristems in the axils of leaves. As a consequence, genets form dense tussocks. Nonreproductive tillers are usually up to 40 cm tall, while reproductive tillers may reach a height of 1 m. Each reproductive tiller carries usually five to 20 spikelets, and each spikelet produces five to 10 flowers.
C. flacca is a perennial sedge which occurs in a wide range of open grassland habitats but often on soils containing free carbonate. The species often cooccurs with B. erectus in calcareous grasslands. New tillers are produced along rhizomes at relatively long distances from each other. As a consequence, genets have a spreading growth form of which the tillers are intermingled with the other plants. Tillers can grow up to 60 cm. Each reproductive tiller carries usually two to three female spikelets, and each spikelet can produce about 100 flowers.
Plant material and precultivation
In April 1997, we collected for both species a total of 20000 tillers from three research fields in the Jura mountains close to Basel, Switzerland. We transferred clumps of tillers to a greenhouse, separated them into single or pairs of tillers, and planted them in 8 x 8 x 6 cm 3 pots filled with a mixture of 60% soil from the Jura Mountains, 30% washed sand and 10% chalk marl according to a factorial design with seven density levels of both species (0, 1, 2, 4, 8, 16 and 24 tillers per cell). One day before the plants were transferred to the experimental field, we standardized their aboveground size by cutting all tillers back to 3 cm above soil level. To minimize transplant stress, we did not remove rhizosphere soil and did not cut the roots. Thus, belowground size was not standardized any further than via using similar volumes of attached soil.
Experimental setup
The experiment took place in a grassland with three rings of free air carbon dioxide enrichment (FACE rings, Hendrey et ai., 1993) in Eschikon, Switzerland (47°27'N, 8°41"E, 550 m a.s.l.) each paired with a control ring of the same size without COTenriched air (Le. six rings in total). Each FACE ring consisted of an open circular area of 18 m diameter in which COTenriched air was released during the day period of the growing season to increase the [C0 2 l in the ring to 600 ppm. FACE rings were separated by at least 100 m.
In the middle of each of the six rings, we created an experimental plot of calcareous soil with four 0.8 x 0.8 m 2 quadrants (Le. 24 quadrants in total). To create soil conditions similar to the ones in calcareous grasslands, we removed the 25cm top layer of natural soil in each quadrant, and replaced it with a 1 cm thick layer of chalk mark on which we put an 18 cm thick layer of a mixture of commercial potting compost, sand, Styromull and chalk powder. The upper 6 cm layer consisted of the calcareous soil from the pots in which we had precultivated the plants. We separated the quadrants from the surrounding natural soil to a depth of 25 cm with PVC plates.
In each of the quadrants, which consisted of one hundred 8 x 8cm 2 cells, we created between May 6 and August 22 1997 a density gradient of B. erectus and an orthogonal density gradient of C. flacca by arranging the 8 x 8 x 6 cm 3 pots containing different ratios and tiller densities of both species in such a way that the number of tillers per cell increased in one direction from 0-0-0-1-2-4-8-16-24-24 for B. erectus and the same in the perpendicular direction for C. flacca ( Fig. 1 ). Pots were removed before planting. This way we had each species as a monoculture at each of the densities as well as mixtures of both species at each of the planting density combinations. Because the cells on the outside served as buffer for the whole quadrant, and the third row and column served as buffers to separate the monocultures of each species from the mixture ( Fig. 1 ), we had one experimental cell for each planting density and species combination per quadrant. To reduce the large amount of labor involved in the setup of the experiment, we did not use buffer rows between the different mixtures. To avoid bias due to geographical orientation of the density gradient, we randomized the four possible directions of the gradient between the four quadrants in each plot. For each of the six plots, we, thus, had four replicates of each combination of planting densities of the two species. Cells were 8 x 8cm 2 . Gray cells were used as buffer.
Our planting scheme makes use of the fan design proposed by NeIder (1962) . This design is highly spaceefficient but does create statistical dependencies between treatments (different densities within 'fans' are not randomized). Nevertheless, the design allows the estimation of statistical parameters of density dependence in single-species (NeIder, 1962) and two-species stands (Assemat & aka, 1980; Schmid & Harper, 1985) .
Measurements
One year after the start of the experiment, in July and August 1998, we counted in each experimental 8 x 8 cm 2 cell the number of vegetative and reproductive tillers and the number of seeds for each species. Then we harvested the aboveground plant parts of each species per cell by cutting all parts at 3 cm above soil level, and separated it into vegetative parts (Le. leaves), infructescence stalks, and seeds. We did not separate plant individuals of the same species within cells because it was no longer possible at harvest to assign tillers to planted individuals. We also did not harvest belowground plant parts because it was impossible to extract all roots from the soil and to separate them between the two species. We weighed the harvested material after drying it to constant mass at 80°C. From these data, we calculated the total aboveground biomass per cell for each species separately and combined.
We calculated the average mass per tiller for each species by dividing the total aboveground biomass by the number of tillers per cell. We calculated the average mass per seed for each species in a cell, by weighing batches of 10 seeds of B. erectus and batches of 20 seeds of C. flacca, and dividing the mass of each batch by the number of seeds per batch.
Analyses
We analyzed all variables with analysis of variance (sequential sum of squares) according to a split-plot design using the statistical software Genstat (Payne et at., 1993) . The design consisted of three blocks (i.e. pairs of FACE and control rings), six plots (i.e. rings), 24 quadrants, and 1158 cells. The [C0 2 ] effect was tested against the variation among plots, and the effects of densities of B. erectus and C. fla cca were tested against the residual variation (i.e. variation among cells). To assess the functional relationship between planting densities of the two species and their interactions as explanatory terms and each measured trait as dependent variable, we partitioned the sums of squares of density effects and their interactions with [C0 2 ] into linear, quadratic and remaining (i.e. deviation) components by using polynomial contrasts. For each species, we excluded the cells in which their planting density was 0, thereby reducing the number of cells to 1014 for each species. Before analyses, aboveground biomass, average mass per tiller and total number of seeds of Bromus planting density each species per cell, and the combined biomass p er cell were log 10 transformed to achieve normality and homogeneity of variance.
Results
Effects of [C02l and planting densities of B. erectus and C. f1acca on total biomass production Total aboveground biomass production increased with increasing planting densities of both species to a maximum of about 4000 mg per 8 x 8 cm 2 cell and tended to decrease again at the highest planting densities (Fig. 2 ). This is indicated by significant linear and quadratic components of the Carexand Bromus-density e ffects ( Table 1 ). The effects of Carex and Bromus planting density, however, did not act independently as indicated by their significant interaction ( Fig. 2 , Table 1 ). On average, there was no significant effect of [C0 2 ] on total aboveground biomass but the effect of [C0 2 ] depe nded on the planting density of Carex (Fig. 2 , Table 1 ) . This interaction, however, could not be ascribed to linear or quadratic components of the density gradient (Table 1) .
Effects of {C0 2 l and intra-and interspecific planting density on biomass and reproduction of B. erectus
Aboveground biomass of B. erectus increased asymptotically with intraspecific planting density to about 1500 mg per 8 x 8 cm 2 cell ( Fig. 3a (Fig. 3a , Table 2 ). These interactions, however, cou ld not be ascribed to linear or quadratic components of the density gradients (Table 2) . One year after the start of the experiment, the number of tillers of B. erectus per 8 x 8 cm 2 cell had more than 2179 doubled at the low planting densities and decreased by about 50% at the highest one, to some degree leveling out the initial differences ( Fig. 3c ). Nevertheless, tiller number was still positively related to intraspecific planting density as indicated by the significant linear component of the intraspecific-density effect (Table 2) but the relation was asymptotic as indicated by the significant quadratic component of the intraspecificdensity effect ( Table 2 ). The number of tillers of B. erectus per cell decreased with increasing planting density of C. flacca as indicated by a significant linear component of the interspecific-density effect (Fig. 3c , Table 2 ) but the slope of this decrease was less steep at higher planting densities as indicated by a significant quadratic component of the interspecific-density effect ( Table 2 ).
The average mass per tiller of B. erectus was not significantly affected by intra-and interspecific planting density (Fig. 3e , Table 2 ). Overall, there was also no significant effect of [C0 2 ] on mass per tiller (Fig. 3e , Table 2 ). However, there was a significant [C0 2 ] x intraspecific-density interaction but this could not be ascribed to linear or quadratic components of the density gradient ( Fig. 3e , Table 2 ). There was no significant interaction between [C0 2 ] and interspecific planting density (Fig. 3e , Table 2 ) .
The number of seeds of B. erectus produced per cell was significantly higher at intermediate intraspecific planting density than at low and high ones (Fig. 3g ) as indicated by a significan t quadratic component of the intraspecific-density effect ( Table 2) . On the other hand, it decreased with interspecific planting density from about 20 to 5 per 8 x 8 cm 2 cell (Fig. 3g , Table 2 ). On average, there was no significant effect of [C0 2 ] on the number of seeds but the effect of intraspecific planting density depended on [C0 2 ] (Fig. 3g , Table 2 ) . This interaction, however, cou ld not be ascribed to linear or quadratic components of the intraspecific-density gradient ( Table 2) .
The average mass per seed of B. erectus was not significantly affected by intraspecific planting density but decreased significantly with increasing interspecific planting density (Fig. 3i , significant linear component of the interspecific density effect in Table 2 ). The effect of interspecific competition, however, depended on the level of intraspecific planting density as indicated by their significant interaction (Table 2) . On average, the mass per seed was not significantly affected by [C0 2 ] but the negative effect of interspecific competition on Initial intra-or interspecific planting density Initial intra-or interspecific planting density Plants were grown in a split-plot design at two levels of [C0 2 1 and at different levels of intraspecific and interspecific (other species:
Cnrex f1nccn) planting densities. Effects of intra-and interspecific planting densities and their interactions with [C0 2 1 were separated into linear and nonlinear components with polynomial contrasts. Residual MS are given between parentheses. Aboveground biomass, average mass per tiller and number of seeds were log10 transformed before analysis.
the mass per seed was strongest under elevated [C0 2 l where it decreased from about 6.3 mg at the lowest densities to about 5.6 mg at the highest one ( Fig. 3i , significant linear component of the CO 2 x interspecificdensity interaction in Table 2 ).
Effects of [C0 2 ] and intm-and interspecific planting density on biomass and reproduction of c. flacca
Aboveground biomass of C. flacca increased asymptotically with intraspecific planting density to about 1000 mg per 8 x 8 cnl cell (Fig. 3b , significant linear and quadratic components of the intraspecific-density effect in Table 3 ), indicating that intraspecific competition increases also at higher planting densities in C. flacca. Aboveground biomass of C. flacca decreased asymptotically with interspecific planting density to about 200mg per 8 x 8cm 2 cell (Fig. 3b , significant linear and quadratic components of the interspecific-density effect in Table 3 ), and indicates that biomass production of C. flacca is decreased by interspecific competition. Moreover, intraand interspecific competition did not act independently as indicated by their significant interaction (Table 3) . On average, aboveground biomass was significantly increased by 54% under elevated [C0 2 l (Fig. 3b, Table 3 ) and there were no significant interactions between [C0 2 l and intra-or interspecific planting density (Table 3) . One year after the start of the experiment, the number of tillers of C. flacca per cell had doubled at the low planting densities and decreased by about 35% at the highest planting density such that tiller density was still strongly positively related to intraspecific planting density (Fig. 3d , significant linear and quadratic components of the intraspecific-density effect in Table 3 ). The number of tillers decreased asymptotically with increasing interspecific planting density to about 8 p er 8 x 8 cm 2 cell (Fig. 3d , significant linear and quadratic tResidual df is 902, 847, 897 and 179 for number of tillers, average mass per tiller, number of seeds and average mass per seed, respectively.
Plants were grown in a split-plot design at two levels of [C0 2 l and at different levels of intraspecific and interspecific (other species:
Branllls erectus) planting densities. Effects of intra-and interspecific planting densities and their interactions with [C0 2 l were separated into linear and non-linear components with polynomial contrasts. Residual MS are given between parentheses. Aboveground biomass, average mass per tiller and number of seeds were log10 transformed before analysis.
components of the interspecific density effect in Table 3 ). On average, the number of tillers per cell was increased by 21 % under elevated [C0 2 l but this effect was only marginally significant (P = 0.091, Table 3 ), which is not surprising considering the low statistical power of the test. However, the positive effect of [C0 2 l on the number of tillers was strongest at high intraspecific planting densities (Fig. 3d , significant linear component of the CO 2 x intraspecific-density interaction in Table 3 ).
The average mass per tiller of C. flacca decreased with increasing intraspecific planting density from about 85 to 75 mg (Fig. 3f ) but this effect was only marginally significant (P = 0.075, Table 3f ). The mass per tiller decreased asymptotically with increasing interspecific planting density from about 90 to 75 mg (Fig. 3f , significant linear and quadratic components of the interspecific-density effect in Table 3 ). On average, there was no significant effect of [C0 2 l on mass per tiller but the mass per tiller was higher under elevated [C0 2 l at low and high interspecific planting densities (Fig. 3f , significant quadratic component of the [C0 2 l x interspecificdensity interaction in Table 3 ). There was no significant interaction between [C0 2 l and intraspecific planting density (Fig. 3f , Table 3 ).
The number of seeds produced by C. flacca increased asymptotically with increasing intraspecific planting density from about 2 to a maximum of 14 per 8 x 8cm 2 cell (Fig. 3h , significant linear and quadratic components of the intraspecific-density effect in Table 3 ). Seed production decreased asymptotically with increasing interspecific planting density from about 8 to 3 per 8 x 8cm 2 cell (Fig. 3h , significant linear and quadratic components of the interspecific-density effect in Table 3 ). On average, seed production of C. flacca was significantly increased by 112% under elevated [C0 2 l (Fig. 3h , Table 3 ). There were no significant interactions between [C0 2 l and intra-or interspecific planting density (Table 3) .
The average mass per seed of C. flacca decreased asymptotically with increasing intraspecific planting density from about 1.1 to 0.9 mg (Fig. 3j , significant linear and quadratic components of the intraspecificdensity effect in Table 3 ). Although the heaviest seeds were produced at intermediate interspecific planting densities, on average, the mass per seed decreased slightly with increasing interspecific planting density (Fig. 3j , significant linear and quadratic components of the interspecific-density effect in Table 3 ). Moreover, the effects of intraand interspecific planting density were not independent from each other (significant intra-x interspecific density interaction in Table 3 ). On average, the mass per seed was not significantly affected by [C0 2 ]. However, the mass per seed was increased by elevated [C0 2 ] at low intraspecific planting densities (+ 15% at the lowest planting density) and slightly decreased at high intraspecific planting densities (-4% at the highest planting density; Fig. 3j , significant linear and quadratic components of the CO 2 x intraspecific-density interaction in Table 3 ). Moreover, the mass per seed was increased by elevated [C0 2 ] by about 20% at intermediate interspecific planting densities but not or to a lesser extent at the lowest and highest planting densities (Fig. 3j , significant linear and quadratic components of the CO 2 x interspecific-density interaction in Table 3 ). Furthermore, there was a significant three-way interaction between [C0 2 ], intra-and interspecific planting density (Table 3 ).
Discussion
Changes in productivity under elevated [C0 2 ]
Our study showed that after 1 year aboveground biomass production of C. flacca was increased under elevated [C0 2 ] by 54% while the biomass of B. erectus was not affected by [C0 2 ]. However, because C. flacca produced the smaller proportion (35%) of the total biomass, the combined biomass of the whole stand was not significantly increased under elevated [C0 2 ], Other studies also report that although the biomass of single species may increase under elevated [C0 2 ], the biomass of the whole community often does not respond (Bazzaz & Garbutt, 1988; Ramseier et al., 2005) or is mainly driven by the response of one or a few species (Bernston et ai., 1998) . Although 1 year of growth is relatively long compared with many other studies, it could be that biomass responses to elevated [C0 2 ] only become apparent after a longer time (Warwick et ai., 1998; Stocklin et al., 1998) suggests that under elevated [C0 2 ] community composition is likely to change. These changes, however, are likely to depend on the degree of changes in intra-and interspecific competition.
Effects of intraspecific planting densitlJ and changes therein under elevated [C0 2 ]
Aboveground biomass of C. flacca and B. erectus increased asymptotically with increasing intraspecific planting density which is in line with the rule of constant final yield (Kira et ai., 1953) . This suggests that the rule of constant yield does not only apply to monocultures but also to mixtures (He et al., 2005) . On average, the number of tillers increased at planting densities in the range of one to eight tillers per 8 x 8 cm 2 cell, while self-thinning at higher planting densities resulted in lower numbers of tillers per cell than the original planting densities. Overall, this resulted in an asymptotic increase in the number of tillers per cell with increasing intraspecific planting density for both species.
The number of seeds of C. f/acca per cell also increased asymptotically with increasing intraspecific planting density. However, concomitantly there was an asymptotic decrease in the average mass per seed, indicating that under high intraspecific planting densities the overall seed number remained constant but at a cost of individual seed mass. For B. erectus, there was also an asymptotic increase in the number of seeds with increasing intraspecific planting density but only up to a planting density of 16 tillers per 8 x 8 cm 2 cell after which it decreased again. Such a hump-shaped relation between seed production and density has also been found for Erophila verna (Symonides et al., 1986) and Abutilon theophrasti (Bazzaz et al., 1992) and indicates overcompensating density dependence (i.e. the increase in seed production due to a larger number of individuals at high densities is overcompensated by the reduction in individual seed production; Silver town, 1987). The individual seed mass of B. erect us, however, did not decrease with increasing intraspecific planting density, indicating that B. erect us, in contrast to C. f/acca, does not maintain a high seed production at high intraspecific planting densities at a cost to individual seed mass.
In general, plants are more stimulated by elevated [C0 2 ] when grown individually or at very low density than when grown in dense monocultures (Navas, 1998) or when grown for a short time period or at high nutrient levels (Korner, 1999) . When experiments are done under more realistic conditions, with interspecific competition and for a longer time period, however, results might be different. Indeed, the positive effect of elevated [C0 2 ] on the number of tillers of C. f/acca per cell was largest at high intraspecific planting densities rather than at low planting densities. For B. erectus, there were also significant interactions between elevated [C0 2 ] and intraspecific planting density for aboveground biomass and for the number of tillers and seeds but these interactions could not be attributed to linear components. For the number of tillers of B. erectus the interaction was a consequence of negative effects of elevated [C0 2 ] at both low and high intraspecific planting densities but not at intermediate ones. Although the causes of this pattern are elusive, it exemplifies the importance of studying the effect of elevated [C0 2 ] at a range of planting densities.
Similarly, Bazzaz et al. (1992) found that the positive effect of elevated [C0 2 ] on the number of fruiting plants of Abutilion theophrasti was highest at intermediate densities. For aboveground biomass and the number of seeds of B. erectus, however, the effect of elevated [C0 2 ] depended neither on linear nor on quadratic components of the density gradient. This indicates that even if the effect of elevated [C0 2 ] is tested over a large range of planting density extrapolation of the results to other planting densities may be difficult.
Effects of interspecific planting density and changes therein under elevated [C0 2 1
Interspecific planting density had a negative effect on biomass and on vegetative and sexual reproduction for both species. For C. f/acca, the negative effect of interspecific planting density was asymptotic, except for the average mass per seed, which showed an optimum at intermediate densities. On the other hand, the negative effect of interspecific planting density on aboveground biomass and seed production of B. erectus was linear.
Presumably, as a consequence of the overall lower biomass of tillers of C. f/acca, a higher planting density is required before a nonlinear effect on B. erectus becomes apparent.
For both species, elevated [C0 2 ] modified the consequences of interspecific planting density for the average mass per seed but in different ways. For B. erectus, there was a strong negative effect of elevated [C0 2 ] at high interspecific planting densities, while for C. f/acca, there was a strong positive effect at intermediate interspecific planting densities. The latter, however, was not independent of the intraspecific planting density as indicated by a significant [C0 2 ] x intraspecific-density x interspecific-density interaction. Moreover, there was also a significant interaction between [C0 2 ] and interspecific competition on biomass of B. erect us. This, however, could not be ascribed to linear or quadratic components of the density gradient and indicates that the biomass response of B. erectus to elevated [C0 2 ] at different interspecific densities is difficult to predict.
Conclusions
For accurate predictions of the effects of elevated [C0 2 ] on biodiversity due to changes in competitive interactions, plants should be grown at a range of densities and frequencies with other species. Our study is one of the most detailed assessments in this regard and shows that the responses of B. erectus and C. f/acca to elevated [C0 2 ] depend on both intra-and interspecific planting density. Because density effects often did not follow simple functional relationships, precise prediction of responses to elevated [C0 2 ] of realistic plant communities with varying local densities and frequencies of these two interacting species are highly complex. At a crude level, our experiment allows us to predict that the increase in biomass and number of seeds of C. flacca and the absence of such effects and even a decrease in number of tillers of B. erectus in response to elevated [C0 2 ] are likely to lead over the coming decades to an increased abundance of C. flacca relative to B. erectus in communities of calcareous grasslands in Europe.
